For B d,s → π ∓ K ± and K ( * ) K ( * ) decays, the flavor symmetry breaking effects may be particularly small since the final state interactions should be the same between the corresponding B d and B s decays due to the charge conjugation symmetry of the final states. This is consistent with the newly measured direct CP asymmetry of B s → π + K − . These decays are thus supposed to be important in testing the Standard Model and in probing new physics effects. However, the observation of pure annihilation decay B s → π + π − appears to imply a large annihilation scenario with ρ A ∼ 3, in contrast to the case of
I. INTRODUCTION
Charmless hadronic B decays, and in particular their CP asymmetries, are very sensitive to new physics since the decay amplitudes are either highly Cabibbo-suppressed or loop suppressed in the Standard Model (SM). However, it is notoriously difficult to calculate the amplitudes of hadronic B decays reliably, due to non-perturbative QCD interactions. These amplitudes are usually evaluated using factorization methods, which however are only valid to the leading order of power expansion in 1/m b . To go beyond the leading power, model dependence may enter. Therefore, in many cases, it is hard to distinguish new physics signal from the SM backgrounds. For example, the difference of direct CP asymmetries for B 0 → π − K + and B + → π 0 K + is observed to be −0.126±0.022 [1] , which is unexpectedly large since it would vanish in the limit of isospin symmetry. This so-called B → Kπ CP puzzle, as first discovered by the Belle collaboration [2] , might imply new physics in the electroweak penguin sector which violates isospin symmetry. However, a mundane explanation of large color-suppressed tree amplitude due to non-perturbative QCD is at least equally possible (see, for example, [3] and references therein).
Flavor symmetry is a powerful tool in heavy flavor physics. It has been implemented over the last two decades to study the CP violating relations and annihilation contributions in charmless B
decays (see for example [4, 5] ). Generally, SU(3) flavor symmetry may receive large corrections at about 20% level, except isospin which is a good symmetry at a few percent level. But the flavor symmetry breaking effects could be much smaller in some cases. For example, Lipkin [6] noticed that, for B d,s → π ∓ K ± decays, the U-spin (d ↔ s) symmetry breaking effects should be unusually small since the strong phases from final state interactions are exactly the same due to the charge conjugation symmetry of the final states. Therefore it could be a robust test of the SM vs New
Physics to check the relation between the direct CP asymmetries of these two decay channels.
Interestingly, direct CP asymmetry of B s → π + K − has been measured very recently by the LHCb collaboration to be 0.27 ± 0.04 ± 0.01 [7] , which is the first observation of CP violation in B s
decays. This measurement is consistent with the SM relation between direct CP asymmetries of
It has also been shown that, by a combined use of flavor symmetries and factorization method, B d,s → K ( * ) K ( * ) decays [8] [9] [10] [11] [12] [13] [14] may play an important role in testing the SM and in probing new physics effects.
However, as we will see in the following, recent measurements on pure annihilation decays 
where the first errors are statistical and the second systematic. It was soon confirmed by the LHCb collaboration with 0.37 fb −1 data [16] as
The average of the above measurements gives (0.73 ± 0.14) × 10 −6 [1] . One expects the branching 
which is several times smaller than the branching ratio of B s → π + π − and may imply unexpectedly large flavor symmetry breaking effects. As better understanding on the flavor symmetry breaking is crucial to separate new physics signal from the SM contributions, we will reinvestigate the flavor symmetry breaking effects in annihilation amplitudes, which is important for charmless hadronic B decays.
The potential importance of weak annihilation amplitudes was noticed first in [17] [18] [19] for charmless B decays and was predicted in perturbative QCD method in [20] [21] [22] . Although being formally power suppressed in Λ QCD /m b in QCD factorization method (QCDF) [23] [24] [25] [26] , weak annihilation contributions are supposed to be important, together with the chirally-enhanced power corrections, to account for the large branching ratios and CP asymmetries of penguin-dominated B decays. In soft collinear effective theory [27] [28] [29] , it was argued in [30, 31] that annihilation contributions are factorizable and may not be significant numerically in charmless B decays. Inspired by the experimental progress, there are some theoretical interest [32] [33] [34] [35] discussed the possibility that these decays can also be generated by rescattering from processes such as color-favored tree amplitudes.
This paper is organized as follows. In the next section, we shall discuss in detail the possible flavor dependence of annihilation parameters for charmless B decays to two light pseudoscalar mesons in QCDF method. We then conclude with a summary in section III.
II. ANNIHILATION AMPLITUDES IN QCD FACTORIZATION
We first briefly review the annihilation amplitudes of B → P P decays in QCDF method, one may refer to [25, 26] for the details. The effective Hamiltonian of ∆B = 1 can be expressed as
where
is the Wilson coefficient which is perturbatively calculable from first principles. The four-quark effective operators Q q 1,2 , Q q 3,..., 6 and Q q 7,...,10 are tree level, QCD penguin and electroweak penguin operators, respectively. These effective operators can contribute to the annihilation amplitudes, as shown in Fig. 1 . The basic build blocks for pseudoscalar final states may be simplified by taking asymptotic light-cone distribution amplitudes and the approximation r
In the first (last) two diagrams of 
Notice that φ A is an arbitrary strong phase and normally ρ A ∼ 1 is assumed, which reflects our ignorance on the annihilation amplitudes dominated by the soft gluon interaction. In principle, X A may vary not only for different initial and final states but also for different Dirac structure of the effective operators. Since different initial and final states can be related to each other by flavor symmetry, the annihilation parameters ρ A and φ A should only vary mildly for different decay channels. However, there is no a priori reason for the annihilation parameters to be the same for
k with different subscript, though in practice they were taken to be universal for simplicity. As we shall see in the following, current experimental data may indicate that a universal set of annihilation parameters for A . This is a key observation for our later analysis. As discussed in [32, 34] , the recent experimental measurements have revealed that the scenario of universal annihilation parameters for all B → P P decays is in somewhat disagreement with
This point can be seen clearly in Fig.   2 , where there is no overlap between the regions of annihilation parameters favored by these two decays.
To draw Fig. 2 , we have taken the following input parameters [36] f Bs = 230
and the Wolfenstein parameters [37] A = 0.812 , λ = 0.2254 ,ρ = 0.144 ,η = 0.342 . It is then straightforward to evaluate the decay amplitudes of
which can be expressed in QCDF as [26] 1
with
As only experimental uncertainties are included in Fig. 2 , one may wonder whether the situation may change when theoretical uncertainties are considered. From Eq. (10), it is clear that the theoretical uncertainties of the ratio B(
the annihilation parameters, while the CKM dependence is almost canceled. As the lattice QCD 1 It has been pointed out in [38, 39] that a correction factor due to sizable decay width difference in B s system has to be included when the experimentally measured branching ratios are compared to the theoretical branching ratios.
For flavor-specific decay such as B s → π + K − , the correction factor is about 1% and can be neglected. But for the cases of B s → π + π − , K + K − , the correction factor could be as large as up to 10%. However more experimental information such as time-dependent analysis is required to determine the correction factor, so we shall not consider this effect in the following. calculations have obtained impressive results of f Bs /f B = 1.201 ± 0.017 [40] as an average with small errors, the inclusion of theoretical uncertainties would not change our conclusion about the failure of the universal annihilation parameters.
Considering the SU(3) flavor symmetry breaking, it is not a surprise at all that the scenario of universal annihilation parameters does not work. Actually, it has long been assumed (see, for example, Refs [3, 26, 41] ) that the annihilation parameters are slightly different between B u,d and B s decays. Following this assumption, the annihilation parameters have been carefully studied in [34] , which implied large annihilation corrections of ρ A ∼ 3 for B s decays, in contrast to the case of ρ A 1 widely used before. Very recently, first observation of direct CP violation in charmless Bs decays, A CP (B s → π + K − ), has been reported by LHCb [7] to be 0.27±0.04(stat)± 0.01(syst). The CDF collaboration also reported an evidence of the CP violation to be 0.22 ± 0.07(stat) ± 0.02(syst) [42] . A naive average of the latest results yields 0.26 ± 0.04. Including this significantly improved data, we confirm that large annihilation scenario for B s → P P decays is still consistent with all the experimental data, as shown in Fig. 3 . The overlap regions in the figure represent that there exist two solutions satisfying all the constraints: one with ρ A 3.5,
• and the other with ρ A 3.8, φ A 110
• .
To draw Fig. 3 , we have adopted the form factor F BsK = 0.24 as suggested by [41] . One can then easily fit the experimental data of 10 6 B(B s → π + K − ) = 5.4 ± 0.6 2 , though it is nontrivial to fit the data of 10
only gives a rather weak constraint on (ρ A , φ A ), which is plotted as the light pink region in the figure. Our results are not very sensitive to the parameters of wave functions, so we simply take [26, 43] λ B = 200 MeV , a
In a word, the large annihilation scenario for B s decays seems to be good, which is mainly required to fit the large B(B s → π + π − ). However, the relatively small B( But as pointed out in [6] , the flavor symmetry breaking effects are probably exceptionally small in B d,s → π ∓ K ± decays since the final state interactions should be exactly the same for these two decay channels. It is then straightforward to obtain a well-known relation between the direct CP
which have included explicitly part of U-spin symmetry breaking effects in terms of decay constants and form factors. Experimentally, left hand side of Eq. (13) equals to 3.0 ± 0.5, while the right hand side equals to 2.2 ± 0.6 if we take the form factor F Bπ = 0.26 ± 0.03 [44, 45] 3 estimated by light-cone sum rules. So Eq. (13) is consistent within roughly one sigma with the experimental measurements and there is no sign of large flavor symmetry breaking beyond decay constants and form factors in B d,s → π ∓ K ± decays. This observation is in a sense disagree with the above-discussed scenario of large annihilation magnitude ρ A ≥ 3 in B s decays together with for these two decays. This is also in agree with the observation that flavor symmetry breaking should be very small in B d,s → π ∓ K ± decays, as noticed first in [6] . It is then straightforward to determine the annihilation parameters for
The small overlap regions in Fig. 4(a) shows clearly that one set of annihilation parameters are consistent with the experimental measurements of the branching ratios and direct CP asymmetries of B d,s → π ∓ K ± decays. There appear two solutions in the plane of (ρ A , φ A ), one around (1.6, −
45
• ) and the other around (3.1, 158 • ). But these two solutions actually correspond to the same value of annihilation coefficient b 3 in the decay amplitude. Therefore there is physically only one solution at the level of annihilation coefficients b's and one is free to choose either solution in the plane of (ρ A , φ A ). For convenience, we shall take the solution of (ρ A , φ A ) = (1.6, − 45 • ) in the following.
As the theoretical inputs are fixed in Fig. 4(a) , it is interesting to discuss the numerical impacts on this solution by varying the inputs. For the form factor F BsK , QCD sum rules predicts 0.30
[47], but we choose 0.24 in Fig. 4(a) . The reason is that a just slightly larger value of F BsK = 0.25
would lead to no solution as shown in Fig. 4(b) , due to shrinkage of the pink region corresponding to the experimental constraint from B(B s → π + K − ). Actually the pink region would completely disappear for F BsK > 0.26 with the CKM parameters fixed. This is because B(
is dominated by the tree-level amplitude which is basically determined by the factor |V ub |F BsK .
The CKM parameters in Eq. (9) determined by the CKMfitter Group corresponds to |V ub | = 3.54×10 −3 , which is consistent with the exclusive determination of |V ub |, though a bit smaller than the inclusive determination of |V ub |. But even with this relatively small |V ub |, the experimental data 25 , in contrast to the estimation of QCD sum rules.
That is why we choose F BsK = 0.24, following the choice of [41] . A larger |V ub | would require an even smaller form factor of F BsK to fit the experimental branching ratio of
For B d → π − K + decay, it depends on the form factor F Bπ which is estimated to be 0.26±0.03
by light-cone sum rules [45, 46] . In Fig. 4 , the cental value is used as default and one may vary would then be much larger than the experimental data. Actually, we shall see later in Table I Therefore it seems to be reasonable to discuss a scenario with three sets of annihilation parameters. Specifically, we introduce the parameters (ρ With the above discussions, we may nevertheless choose a parameter scenario S1 of form factors and annihilation parameters as an illustration to show our results on full set of ππ, πK and KK final states in Table I . To be specific, the parameters in scenario S1 are chosen as follows:
With these parameters, we show the results on B → ππ, πK and KK decay modes in Table I .
One can see that most of the results are well consistent with the experimental measurements except ππ final states which are somewhat larger than the experimental data. As we have mentioned, the form factors in scenario S1 are already somewhat smaller than the estimations of QCD sum rules.
But to improve our results on B → ππ decays, we have tried, just for illustration, a parameter scenario S2 with even smaller form factors:
where the annihilation parameters have been adjusted correspondingly. In this scenario, all of the results are in good agreement with the experimental data, as shown also in In short, we confirm in QCDF that the flavor symmetry breaking effects should be exceptionally
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